The objective of this study was to deter mine the repeatability of ranking Holstein-Friesian heif ers reared in an Australian pasturebased production system for immune responses (IR) when ranking was based on secondary versus tertiary IR. Further objec tives were to investigate associations between IR and stress responsiveness, ADG and resistance to internal parasites. A total of 100 heifers were IR phenotyped at 5 to 6 mo of age and again at 12 to 13 mo of age using commercial vaccine antigens to induce measurable IR. Antibody production to tetanus toxoid (TT) was used to assess antibodymediated IR (AMIR), and delayedtype hypersensitivity reactions to vaccine antigens were used to assess cellmediated IR (CMIR). Changes in serum cortisol and haptoglobin were used to assess stress responsiveness and fecal egg counts used as a measure of resistance to internal parasites. Based on testing, animals were categorized as either average to above average (High) or low responders for IR. Secondary and tertiary AMIR were well correlated (r = 0.651, adjusted R 2 = 0.418, P < 0.0001), whereas correlations between secondary and tertiary CMIR were poor (r = 0.078, R 2 = -0.004, P = 0.450). A Cohen kappa (κ) test of agreement was used to test the consistency of ranking of individual animal for IR and, therefore, the ability to consistently identify low immune responder animals within the herd across test periods. The consistency of ranking (High versus low) was moderately high for AMIR (κ = 0.445), poor for CMIR (κ = -0.055), and fair to moderate for combined IR (κ = 0.395). High AMIR phenotype ani mals had significantly higher serum cortisol concen trations than their low immune responder counterparts (P = 0.045). A similar relationship was observed in heif ers categorized for CMIR, with High CMIR responders having higher serum cortisol concentrations than their low responder counterparts (P = 0.008). High AMIR calves had a higher ADG compared with low AMIR calves (0.72 ± 0.02 versus 0.66 ± 0.06 kg/d; P = 0.009). Serum haptoglobin concentrations and worm egg counts were very low and could not be used to investi gate associations with immune responsiveness. It is con cluded that secondary and tertiary antibody responses to TT were well correlated in the HolsteinFriesian heif ers in this study and that by using the testing procedure described here, low antibody responders were able to be consistently identified in the herd.
ABSTRACT:
The objective of this study was to deter mine the repeatability of ranking Holstein-Friesian heif ers reared in an Australian pasturebased production system for immune responses (IR) when ranking was based on secondary versus tertiary IR. Further objec tives were to investigate associations between IR and stress responsiveness, ADG and resistance to internal parasites. A total of 100 heifers were IR phenotyped at 5 to 6 mo of age and again at 12 to 13 mo of age using commercial vaccine antigens to induce measurable IR. Antibody production to tetanus toxoid (TT) was used to assess antibodymediated IR (AMIR), and delayedtype hypersensitivity reactions to vaccine antigens were used to assess cellmediated IR (CMIR). Changes in serum cortisol and haptoglobin were used to assess stress responsiveness and fecal egg counts used as a measure of resistance to internal parasites. Based on testing, animals were categorized as either average to above average (High) or low responders for IR. Secondary and tertiary AMIR were well correlated (r = 0.651, adjusted R 2 = 0.418, P < 0.0001), whereas correlations between secondary and tertiary CMIR were poor (r = 0.078, R 2 = -0.004, P = 0.450). A Cohen kappa (κ) test of agreement was used to test the consistency of ranking of individual animal for IR and, therefore, the ability to consistently identify low immune responder animals within the herd across test periods. The consistency of ranking (High versus low) was moderately high for AMIR (κ = 0.445), poor for CMIR (κ = -0.055), and fair to moderate for combined IR (κ = 0.395). High AMIR phenotype ani mals had significantly higher serum cortisol concen trations than their low immune responder counterparts (P = 0.045). A similar relationship was observed in heif ers categorized for CMIR, with High CMIR responders having higher serum cortisol concentrations than their low responder counterparts (P = 0.008). High AMIR calves had a higher ADG compared with low AMIR calves (0.72 ± 0.02 versus 0.66 ± 0.06 kg/d; P = 0.009). Serum haptoglobin concentrations and worm egg counts were very low and could not be used to investi gate associations with immune responsiveness. It is con cluded that secondary and tertiary antibody responses to TT were well correlated in the HolsteinFriesian heif ers in this study and that by using the testing procedure described here, low antibody responders were able to be consistently identified in the herd.
INTRODUCTION
Immune competence testing may facilitate the identification of superior livestock based on their inher ent ability to resist disease. In the intensive Canadian dairy systems, cows ranked as high immune responders were observed to have a lower incidence of periparturi ent disease conditions (ThompsonCrispi et al., 2012a) . To maximize the potential benefits of selectively breed ing for immune responsiveness, it is relevant to evalu ate different immune response testing protocols in dif ferent farming systems.
Exposure to environmental pathogens is likely to differ between intensively and extensively managed dairy systems. Data on the immune responsiveness of dairy cattle and associations between immune re sponse (IR) phenotype and incidence of disease in pas turebased production systems is limited. We describe here a testing protocol to assess the immune respon siveness of individual dairy cattle in pasturebased production systems using vaccine antigens. It is impor tant when developing such a protocol to gain an under standing of the repeatability of ranking animals for im mune responsiveness. Therefore, the objectives of this study were to determine the repeatability of ranking HolsteinFriesian heifers for immune responsiveness in a pasturebased production system. Heifers were tested as calves and again as yearlings, and the repeat ability of responses was investigated. Furthermore, as sociations between immune responsiveness and stress responsiveness, ADG, and resistance to internal para sites were also investigated. This study was developed with the hypothesis that rankings of heifers for immune responsiveness will not change significantly when that ranking is based on secondary versus tertiary respons es to vaccine antigens. Furthermore, we hypothesized that increased immune responsiveness would be asso ciated with greater ADG, reduced stress responses, and improved resistance to internal parasites.
MATERIALS AND METHODS

Study Area
The study was conducted at Trafalgar, VIC, Australia (38°21′ S, 146°15′ E), in accordance with the Australian Code of Practice for the Care and Use of Animals for Scientific Purposes, with the approval of the relevant Animal Ethics Committee of the Victorian Department of Environment and Primary Industries (approval number 2013-08).
Study Design, Animals, and Herd History
This was a longitudinal study conducted from May to October, 2013. Animals tested were HolsteinFriesian heifers raised under a pasturebased production system. Animals enrolled in the study were from a single herd to eliminate herd effects. A total of 100 HolsteinFriesian calves were enrolled in the study from a total of 117 heif ers. Excluded heifers had received some grain supple mentation. Animals were IR tested as calves (5 to 6 mo of age), defined as test 1, and again as yearlings (12 to 13 mo of age), defined as test 2. The number of animals tested was expected to be sufficient to provide an 80% chance of detecting a correlation (r) using a 2sided hy pothesis test with a significance level of 0.05 if the true correlation was at least 0.3. Data from 4 heifers were ex cluded from the study as they were not sampled at all time points, to yield a final sample size of 96 animals. During the study period, animals were managed as part of a typical Australian pasturebased production system with no supplementation. Calves were removed from their dams within 24 h of birth and weaned from milk at 6 wk of age. Before the study, all animals were immu nized with a commercial combined clostridial/leptospo rosis vaccine (Ultravac 7 in 1; Zoetis, West Ryde, NSW, Australia) at 8 wk of age as routine disease control and management practices within the herd. Hence, test 1 and test 2 responses correspond to secondary and tertiary IR measures to the vaccine antigens used in this study.
Immune Response Testing
Immune responsiveness testing was undertaken by assessing both antibodymediated IR (AMIR) and cell mediated IR (CMIR), using a protocol modified from that used in previous studies (Hernandez et al., 2005; Heriazon et al., 2009) . Modifications included the use of different test antigens. In the current study, responses to a commercial clostridial/letosporosis vaccine (Ultravac 7 in 1; Zoetis) were used to stimulate measurable IR. Ultravac 7 in 1 vaccine contains an antigenically bal anced mixture of the following antigens: Clostridium perfringens ≥ 5 IU/mL, Clostridium tetani ≥ 2.5 IU/mL, Clostridium novyi type B ≥ 3.5 IU/mL, and Clostridium septicum ≥ 2.5 IU/mL (as ultrafiltered toxoids); a puri fied formol culture of Clostridium chauvoei 0.3 mL/mL; and formalin-killed cultures of Leptospira borgpetersenii serovar hardjo type hardjo ≥ 400 × 10 6 organism/mL and Leptospira interrogans serovar pomona 400 × 10 6 organism/mL. The vaccine also contains an adjuvant of aluminum salts and thiomersal as a preservative.
Each animal was immunized once on Day 0 of the testing period (test 1 and test 2) as per manufacturer's recommendation. To assess AMIR, blood was collected at Day 0 (baseline) and at Days 9 and 11 for serum anti body testing. Blood was collected by caudal venipunc ture and serum was prepared using standard laboratory protocols. To assess CMIR, 0.1 mL of the vaccine was injected intradermally into the caudal fold on the right side of the tail (test) and 0.1 mL of saline solution on the left side of the tail (control) on Day 9. Delayedtype hypersensitivity (DTH) reactions were assessed as the change in skin fold thickness from Day 9 to Day 11 at the test site relative to the control site. Preliminary ex periments established the optimal time to assess both AMIR and CMIR. The same testing procedure was con ducted on calves when 5 to 6 mo of age and repeated on the same animals when 12 to 13 mo of age.
Assessing Antibody-Mediated Immune Responses
Production of tetanus toxoid (TT)-specific antibody in response to immunization was used to assess AMIR. Serum antibody concentrations were determined on Day 0 (baseline), Day 9, and Day 11 using an ELISA. Briefly, plates were coated with TT antigen (0.2 limits of flocculation units/well; kindly donated by Zoetis) in carbonate buffer and incubated at 4°C overnight. Plates were then blocked with PBS containing 1% casein for 2 h at room temperature. Plates were washed once with PBS containing 0.05% Tween and control and test se rum samples were applied in quadruplicate. Serum (control and test samples) was diluted 1:40 and 1:160 in diluent (PBS containing 1% casein and 0.05% Tween), added to plates, and incubated for 1 h at room tempera ture. Plates were washed 5 times, and a secondary an tibody (sheep anti-bovine IgG1 conjugated to alkaline phosphatase; BioRad Laboratories, Inc., Gladesville, Australia) diluted in Tris buffered solution containing 0.05% Tween 20 (pH 7.4) and 1% casein was added to plates and incubated at room temperature for 1 h. Plates were washed 5 times again and pnitrophenyl phosphate substrate (SigmaAldrich Canada, Ltd., Oakville, Ontario, Canada) was added. Following incu bation at room temperature, optical density values were measured at a wavelength of 405 nm with a reference wavelength of 630 nm. Sample optical density readings (using a minimum of triplicate values with CV < 10%) were calculated. Optical density values were corrected to the rolling mean of the positive and negative controls run on all plates, as described previously (Heriazon et al., 2009; ThompsonCrispi et al., 2012a) .
Assessing Cell-Mediated Immune Responses
The DTH reactions were assessed as a measure of CMIR. On Day 9 of each test period, baseline skinthickness measures were taken in triplicate at the proposed injection site on the left and right tail folds using spring-loaded calipers (Harpenden Skinfold Calipers; Creative Health Products, Inc., Ann Arbor, MI). Intradermal injections of Ultravac 7 in1 (test) and saline (control) were then administered to the right and left tail fold, respectively. On Day 11, 48 h postin jection, triplicate skin-thickness measurements were again taken at the control and test injection sites. The magnitude of DTH reactions was calculated as previ ously described (Begley et al., 2009a,b) . Briefly, the increase in skin thickness from 0 to 48 h at the test site was corrected for the increase in skin fold thickness at the control site using the following formula: increase (mm) = (A -B) -(C -D), in which A = mean test site thickness at time 48 h, B = mean of test site thickness at time 0 h, C = mean of control site thickness at 48 h, and D = mean of control site thickness at 0 h.
Inflammatory and Stress Responsiveness
Blood samples collected on Day 9 and Day 11 from each test period were analyzed for haptoglobin as an indicator of inflammatory response to immuni zation and stress response to handling. Serum was an alyzed for concentrations of haptoglobin, with values corrected for hemoglobin interference. Corrected hap toglobin concentrations, which were lower than the detectable limit of the assay, were assigned a value of 0.0045 mg/mL. Serum cortisol concentrations at Day 9 and Day 11 were also used to assess stress responses due to handling. Serum cortisol concentrations were determined as described by Beausoleil et al. (2008) .
Internal Parasite Burden
Fecal samples were collected from the rectum on Day 0 of each test period and analyzed for worm egg counts using the McMaster technique (Kassai, 2002) . Samples were pooled and cultured for larval identifi cation as described previously (Kassai, 2002) .
Weight Gain
Heifers in the study were weighed monthly from 3 to 12 mo of age (273 d in total) to determine average daily weight gain using an electronic weighing system.
Statistical Analysis
Data were analyzed using IBM SPSS Statistics (version 22.0; SPSS Inc., Chicago, IL). Before analysis, all data were explored for outliers and normality by plotting histograms and using the Shapiro Wilk W and KolmogorovSmirnov tests.
For analysis of AMIR, the optical density values from the 1:40 and 1:160 dilutions of each sample run in ELISA assays were summed and corrected based on con trol sample values from each plate. Corrected optical den sities values generated from each testing period were then standardized using the formula ([Y -Y ]/SD), in which Y was the corrected optical density for each individual ani mal and Y was the mean and SD was the SD of optical density values from all animals tested at test period 1 or 2. Standardized values, which had a mean of 0 and SD of 1 for each respective test period, were used in statistical analyses. For analysis of CMIR, standardized skin fold thickness measures (with a mean of 0 and SD of 1 for each test period) were calculated in a similar manner and used in statistical analysis. Animals were then classified as average or above average (High; standardized score above greater than -1) or low immune responders (stan dardized score less than or equal to -1) for AMIR and CMIR, respectively, for both test 1 and test 2. Combined IR (CIR) values were obtained by adding the AMIR and CMIR for each animal and the High and low responders were categorized as described above .
A generalized linear model procedure for analysis of correlations was performed on AMIR and CMIR mea sures for the calves (5-6 mo) and yearlings (12-13 mo). A McNemar's test was used to determine if the propor tion of animals in each IR group (High vs. low immune responders) for AMIR, CMIR, and CIR were significant ly different at each test period. To test for repeatability of individual animal rankings as High and low respond ers for AMIR, CMIR, and CIR across testing periods, a Cohen kappa (κ) test for agreement was performed.
Differences in cortisol responses and ADG between IR phenotypes were determined using the GLM proce dure as univariate outcomes fitting IR phenotype (High or low), test period (1 or 2), day of sampling (Day 9 or Day 11), and their interactions as fixed effects in the model. Haptoglobin concentrations and fecal egg counts recordings were not evaluated. Least squares ANOVA and corrected means (least squares means) were gener ated and differences between the High and low respond ers at each test period (1 or 2) were independently as sessed. Significant interactions in the model were only considered based on their plausibility to be causal.
RESULTS
Comparison of Responses Observed during Test 1 versus Test 2
The IR measures observed during test periods 1 and 2 were classified as secondary and tertiary IR, respectively. A summary of secondary and tertiary IR observed is shown in Table 1 . Analysis of correla tions showed that secondary and tertiary AMIR were well correlated (r = 0.651, adjusted R 2 = 0.418, P < 0.0001; Fig. 1A ), whereas correlations between sec ondary and tertiary measures of CMIR were poor (r = 0.078, adjusted R 2 = -0.004, P = 0.450; Fig. 1B) . The results of the McNemar's test provided evidence that the proportions of High and low immune responders within the immune ranking groups were not dispro portionate, permitting a repeatability test to be per formed. The Cohen κ test of agreement was used to test the consistency of IR category ranking of an indi vidual animal and, therefore, the ability to consistently identify low immune responders within the herd. The level of agreement for an animal to be identified as ei ther a High or low responder across the 2 test periods was moderate to high (κ = 0.445) for AMIR, poor for CMIR (κ = -0.055), and moderate for CIR (κ = 0.395).
Antibodymediated IR for Day 0 and 11 were sig nificantly lower in test 1 compared with test 2 at P < 0.0001 and P = 0.003, respectively, as expected due to the memory component of the adaptive IR ( Fig. 2 ; Table 2 ). However, the response to vaccination (as de fined by the increase in antibody levels from Day 0 to Day 11) was not significantly different between test 1 and test 2 (P = 0.358). The DTH results are presented in Table 3 . The DTH measures observed in Test 2 were significantly lower than those observed in Test 1 (P < 0.0001). Table 4 . Significant differences in serum cortisol concentrations were observed between High and low AMIR and CMIR phenotype heifers. The High AMIR responders had higher cortisol concentrations than low immune responders (P = 0.045) on both Day 9 and Day 11 of both testing periods. Furthermore, observed differences across days were consistent as evidenced by the nonsignificant interaction of day × phenotype (P = 0.337). A similar effect was observed in animals categorized on CMIR, with High responders having higher cortisol concentrations than low responders (P = 0.008). No significant differences in cortisol concentra tions were observed between High and low responder animals for CIR. Overall, cortisol concentrations were higher (P < 0.0001) during test 1 than test 2. Serum haptoglobin concentrations were close to, or at, baseline (0.009 mg/mL) in all animals at all time points tested.
Average Daily Weight Gain. The mean ADG for all animals over the 273 d was 0.71 ± 0.008 kg/d, with a range of 0.43 to 0.88 kg/d. Significant differences in average daily weight gains were observed between IR phenotype heifers categorized on AMIR (P = 0.046). Calves categorized as High AMIR responders had greater weight gains (0.72 ± 0.02 kg/d) than their low responder counterparts (0.66 ± 0.06 kg/d; P = 0.009). However, average daily weight gains in the IR pheno type groups based on CMIR or CIR were not signifi cantly different (P = 0.369 and P = 0.433, respectively). These correlations were performed using rankings cal culated from data collected during test period 1 when the calves were 5 to 6 mo old using data from High (n = 79) and low (n = 17) immune responders animals.
Resistance to Internal Parasites. A total of 54/96 (56%) heifers had detectable fecal parasite eggs. Fecal egg counts were generally very low (average of 158 eggs/g of feces). Larval identification revealed the presence of Cooperia species (Cooperia punctata, Cooperia oncophora, and Cooperia pectinata) and a small number of Coccidia oocytes.
DISCUSSION
The objectives of this study were 1) to determine the repeatability of successive IR to the same vaccine antigens in HolsteinFriesian heifers in a pasture based production system by testing the same animals as calves (5-6 mo old) and again as yearlings (12-13 mo) and 2) to investigate associations between im mune responsiveness, stress responsiveness, ADG, and resistance to internal parasites. Results indicat ed that secondary and tertiary antibody responses to TT in HolsteinFriesian heifers were well correlated. Furthermore, significant associations between im mune responsiveness phenotype and average daily weight gain and stress responsiveness were observed. The results on resistance to internal parasites and in flammatory responses were inconclusive.
The findings of this study revealed that High or low immune responders for AMIR and CIR generally could be identified across testing periods. The repeat ability of immune responsiveness test results in dairy cattle has not previously been reported under a pasture based production system. However, our results are in agreement with results reported in intensive dairy pro duction systems (Cartwright et al., 2012) . Such find ings are not surprising given the role of genetics on the magnitude of IR elicited by an animal. Moderate to high heritabilities (20-40%) for AMIR and CMIR have been estimated by various studies (Wagter et al., 2000; AbdelAzim et al., 2005; Hernandez et al., 2006; ThompsonCrispi et al., 2012b) . Results of the cur rent study suggest that ranking of animals for AMIR or CIR based on secondary versus tertiary responses yield similar results. Potential benefits could be gained by early ranking of animals based on their secondary IR when these responses are demonstrated to corre late with disease resistance (Mallard et al., 1992 (Mallard et al., , 1998 . For instance, High immune responders could be recruited into a breeding program, whereas their less superior counterparts could be culled or targeted to an onfarm rearing program based on their produc tion, health, and coping abilities. As the repeatability of ranking animals for CMIR was found to be poor in the current study, further studies are required to inves tigate whether secondary or tertiary CMIR measures are better predictors of enhanced disease resistance.
In the present study, our primary focus was to con sistently identify the low immune responders in a herd. The majority of the animals that ranked as High im mune responders in test 1 ranked as High immune re sponders in test 2, whereas the repeatability of ranking for low immune responders was poorer. However, it is noteworthy that the low immune responders identified in test 1 that had immune responsiveness values near the cutoff between low and High IR were generally the animals that crossed over into the High IR group at subsequent testing. Furthermore, these animals tended to have the lowest ranking level within the High im mune responder group at test period 2.
In the current study, it was observed that CMIR observed in test 1 were significantly higher than those observed in test 2, whereas, in contrast, levels of TT specific antibody postvaccination were significantly higher during test period 2 as compared with test period 1. Despite the significant difference in the levels of TTspecific antibody postvaccination, the ranking of ani mals for AMIR was moderately repeatable, supporting our hypothesis. An explanation for the difference in IR magnitudes as observed in this study between test 1 and test 2 is related to the nature of adaptive IR, which has an important memory component conferred by specific "memory cells," which are generated after exposure to specific pathogens. Our observation that TT-specific an 0.92 ± 0.61 0.93 ± 0.46 1 OD = optical density; D0 = optical density readings at Day 0 of sam pling; D11 = optical density reading at Day 11 of sampling; D(11-0) = change in magnitude for optical density reading for each test.
2 Test 1 = immune testing of the heifer calves at 5 to 6 mo of age.
3 Test 2 = immune testing of the heifer calves at 12 to 13 mo of age. tibody levels were highest following tertiary immuniza tion is consistent with the existence of immune memory cells (Parker, 1993; Day and Schultz, 2010) . From this experiment, it was observed that the High AMIR and CMIR phenotype animals had signifi cantly higher cortisol concentrations, suggesting these animals have a higher stress response or alternatively a higher basal serum cortisol concentration. Although it is not possible to separate these effects in the present study, the yarding, handling, and treatment of these paddock-raised dairy heifers would be expected to induce a cortisol response (Alam and Dobson, 1986; Mitchell et al., 1988) , and the values for serum corti sol recorded in this study (approximately 40 nmol/L) are greater than commonly accepted basal cortisol concentrations in cattle (approximately 17 nmol/L; Kaneko et al., 2008) . In addition, there was a signifi cant reduction in cortisol concentrations in response to handling during the second testing period as com pared with the first, suggesting a reduced susceptibil ity to handling stress with age and repeated handling. The significantly higher ADG observed in the High AMIR responders compared with the low responders are in agreement with the findings of McBride et al. (1965) and Hessing et al. (1994) , who investigated immune responsiveness, stress responsiveness, and weight gains in pigs. The increased stress responsive ness of the High immune responders was contrary to our second hypothesis that High immune responders would have lower stress responses. However, reports have shown that stress responses have varying effects on IR (Hines et al., 1996) with stress responses sup pressing IR to longterm chronic conditions, whereas mild stressful conditions such as exercise have been shown to enhance IR. This could be an explanation for our observations if one considers shortterm yard ing and handling of heifers as a mild stressor. Cortisol is the dominant glucocorticoid in cattle (Venkataseshu and Estergreen, 1970; Gwazdauskas et al., 1972) and is produced during stress responses via the hy pothalamus-pituitary-adrenal axis (Eskandari and Sternberg, 2002; DiezFraile et al., 2003) . Hormones secreted during stressful events include norepineph rine, epinephrine, and glucocorticoids (Eskandari and Sternberg, 2002) , which suppress IR. On the other hand, increased IR during moderate or mild stressors such as exercise has been attributed to increased lytic activity of natural killer cells and lymphocyte prolif eration as reviewed by Hines et al. (1996) .
The finding that High AMIR responders had in creased ADG is in alignment with other data (De La Paz, 2008; Thompson-Crispi et al., 2012a , 2013 , sup porting the hypothesis that High immune responder ani mals have not only improved disease resistance but also improved productivity. In pigs, high immune responder phenotype animals attained a desirable market weight of 100 kg about 2 wk earlier than their low or average immune responder counterparts (Wilkie and Mallard, 1999) . Studies have demonstrated that weight gain, as a measure of body growth, is related to appetite, feed intake, and availability of AA that enable proteinaceous tissue growth to occur and is affected by challenges to the immune system (Williams et al., 1997a,b,c) . Average to above average immune responder immune responder animals may have a greater inherent ability to effectively and efficiently fight infection and thereby reduce the metabolic cost of disease. Efficient clearing of infections is expected to reduce the levels of circu lating cytokines that inhibit appetite and, as a conse 2 High = average to above average immune responder; Low = low immune responder.
3 T1 = immune testing of heifer calves at 5 to 6 mo of age; D9 = Day 9 of sampling; D11 = Day 11 of sampling; n = total number in the group. 4 T2 = immune testing of heifers when at 12 to 13 mo of age.
quence, the amount of lysine required for the synthesis of immune factors (Williams et al., 1997c) . The low serum haptoglobin levels and worm egg counts observed in these animals precluded assess ment of associations between immune responsiveness and these variables. The low haptoglobin concentra tions could be as a result of a low inflammatory re sponse to the vaccine antigens or reduced stress re sponsiveness or, alternatively, may be related to the timing of assessment of haptoglobin responses.
It is concluded that secondary and tertiary an tibody responses to TT were well correlated in the HolsteinFriesian heifers in this study and that by us ing the testing procedure described here, low antibody responders were able to be consistently identified in the herd. Furthermore, animals identified as High AMIR responders had increased weight gains relative to their low responder counterparts.
